Background: The aim of this study was to investigate the frequency and severity of neuropsychiatric symptoms (NPS) in patients with early onset Alzheimer's disease (EAOD) and late onset AD (LOAD). Methods: Patients were selected from a specialized memory outpatient clinic. The Mini-Mental State Examination, the Neuropsychiatric Inventory (NPI), and the Global Deterioration Scale results were analyzed. Results: By comparing EOAD (n ¼ 35) and LOAD (n ¼ 35) patients, no significant differences were found in clinical or demographic variables, matched for sex, education, and disease severity. There were no differences between groups in total NPI frequency or severity scores. The most common NPS were irritability, apathy, anxiety, and depression. We found an association of NPI scores with disease severity and duration, which was more specific in patients with LOAD and was also associated with the presence of delusions and hallucinations. Conclusion: Despite subtle differences, NPS is considered important in the assessment of patients with AD, regardless of the age of onset.
Introduction
Alzheimer's disease (AD), as the most common form of dementia, is characterized by a progressive increase in its prevalence with age 1 and is clinically categorized as either early onset or late onset, with the cutoff traditionally set at 65 years of age. Early onset AD (EOAD) is rare but still accounting for 30% to 40% of all early onset dementia cases, 2 with only a small proportion of EOAD cases associated with autosomal dominant mutations in 1 of 3 genes: the amyloid precursor protein gene on chromosome 21 (APP), the presenilin 1 gene on chromosome 14 (PSEN1), or the presenilin 2 gene on chromosome 1 (PSEN2). 3 Late onset AD (LOAD) accounts for most of dementia cases and is associated with several neuropathological processes related to inadequate amyloid b (Ab) clearance leading to increased protein aggregation and accumulation. While deterministic genetic mutations for sporadic AD have not been found, the e4 allele of the apolipoprotein E (APOE) gene is the major known genetic risk factor. 3 Although patients with AD share clinical and histological features regardless of age of onset, there has been an increasing interest in the study of early onset forms of the disease. 4 In fact, if established that EOAD constitutes a distinct subgroup, there could be important implications for clinical practice. In this context, several studies have attempted to establish comparisons between EOAD and LOAD, particularly in pathophysiology, genetics, cognitive function, and psychiatric symptoms. Considering symptom presentation, the first symptom in LOAD is usually episodic memory dysfunction, followed by deficits in other cognitive domains, 5 whereas presentation in EOAD may be nonamnesic in about onethird of cases. 2 In patients with EOAD, there may be a more prominent posterior brain dysfunction, with more severe cortical atrophy, cerebral hypoperfusion, and glucose hypometabolism, particularly in parietal and lateral temporal cortices, 6 which may in turn lead to frequent focal cortical symptoms such as aphasia, apraxia, and agnosia, preceding memory disturbances, in about 30% of patients. 5 In patients with LOAD, functional neuroimaging studies have demonstrated a more localized network dysfunction confined to the limbic structures, in medial temporal and hippocampal regions, 7 associated with the typical memory presentation.
Despite evidence suggesting differences between EOAD and LOAD regarding rate of disease progression, cognitive profile, 8 perfusion and metabolic deficits in the temporal and parietal lobes, grade and distribution of gray matter atrophy, and prevalence of the allele ApoE e4, previous investigations on neuropsychiatric symptoms (NPS) are not so ubiquitous regarding differences in type and frequency of symptoms.
NPS refer to behavioral and psychological symptoms, affecting nearly 75% of individuals with dementia 9 and include a large phenomenological spectrum ranging from delusions, apathy, irritability, hallucinations, aggressiveness, depression, anxiety, aberrant motor behavior, to sleep disorders and eating problems. 10 Although NPS are widely recognized as the most stressful and challenging manifestations of AD, they are frequently overlooked in comparison to other research and therapeutic targets, such as cognitive and functional decline. 9 Importance of NPS has also been highlighted by recent studies suggesting that NPS, similarly to traditional cognitive symptoms, also confer a greater risk of conversion to dementia in patients with mild cognitive impairment (MCI), 11 converging on the proposal of a new diagnostic construct-the mild behavioral impairment-as a late life transitional state, where the presence of NPS in the absence of cognitive symptoms confers an increased risk of incident MCI and dementia. 11, 12 Given that the expression of NPS can be attributed to a complex interaction between underlying pathology, preexisting morbidity, and premorbid psychosocial characteristics and exposures, 10 differences in NPS frequency and severity in patients with EOAD and LOAD are plausible. NPS are quite pervasive in EOAD like LOAD, but the differences in symptoms and underlying neural correlates have been proposed, 13, 14 with salience of apathy and affective symptoms counting for the majority of reported behavioral disturbances. Particularly in the case of early onset cases, the presence of NPS may delay diagnosis, as symptoms are often misinterpreted as primary psychiatric syndrome, rather than associated with a neurodegenerative disorder. 15 We aimed to clarify NPS frequency and pattern in EOAD and LOAD and hypothesized differences symptoms rather than frequency, controlling for known confounders such as sociodemographic variables and disease severity.
Materials and Methods

Participants and Procedures
Patients were retrospectively selected from a specialized memory outpatient clinic. Diagnosis of AD was based on standard diagnostic procedures, according to national and international diagnostic guidelines for probable AD, 16 and included the clinical history, neurological examination, routine blood tests, clinical imaging of the brain (computed tomography or magnetic resonance), and a comprehensive neuropsychological assessment. A proportion of patients also had information available on cerebrospinal fluid biomarkers of AD (Ab, total tau, and phospho-tau, Ab/tau ratio) and/or functional imaging (fludeoxyglucose F18 positron emission tomography or single-photon emission computed tomography).
We identified patients younger than 65 years of age at disease onset with a diagnosis of AD, and these constituted the EOAD group. We then matched the EOAD group to a samesized LOAD group (older than 65 years of age patients with AD), controlling for demographic variables (sex and education) and disease severity.
Clinical data were obtained from patient records. For this study, we specifically collected data on demographicsbesides age, sex, educational level, marital status, previous professional occupation, clinical history-symptom onset features, previous medical history, family history of dementia, psychiatric, and AD-specific medication intake as well as scores for global cognitive performance (using the MiniMental State Examination [MMSE] 17 ) and disease severity (Global Deterioration Score [GDS] 18 ). The MMSE total score was obtained from the neuropsychological assessment records by a board-certified neuropsychologist or supervised student, using the standard procedure of the validated Portuguese version. The GDS score was recorded by the attending neurologist, based on clinical symptoms. Our primary measure was the presence and severity of NPS, as assessed by the Neuropsychiatric Inventory (NPI). 19 The NPI, based on the report from the primary caregiver, measures the frequency and severity of 12 psychiatric and behavioral symptoms/domains (delusions, hallucinations, agitation/aggression, depression/dysphoria, anxiety, elation/euphoria, apathy/indifference, disinhibition, irritability/lability, aberrant motor behavior, nighttime behavior, and appetite/eating) in the previous 4 weeks, in comparison to the premorbid status. If a symptom is reported to be present in the last month, the informant then rates both the frequency of the symptoms on a 5-point scale and its severity on a 3-point scale. Additionally, the NPI also includes a Caregiver Distress Scale, for evaluating the psychological impact of NPS reported to be present, which was not included in our study design. For all participants, NPI was conducted at part of the neuropsychological assessment by a board-certified neuropsychologist. We also collected data on the NPI informant characteristics, namely, the relationship with the patient (eg, spouse), gender, and habitation status (cohabitating or not).
Statistical Analysis
Descriptive analyses include mean with standard deviation and median with interquartile range, depending on variable characteristics. Group difference analyses were based on 2-tailed nonparametric procedures (w 2 and Mann-Whitney U test), with Bonferroni correction for multiple comparisons. To measure the degree of association between variables, Spearman rank correlation coefficient (rs) or Kendall rank correlation coefficient ( T ) was applied, depending on the type of variables. The significance level was set at .05 for all analyses. All statistical analyses were carried out with Statistical Package for the Social Sciences (SPSS) version 22.
Results
The total study sample consisted of 70 patients, 35 with EOAD and 35 with LOAD. As shown in Table 1 , there were no significant group differences regarding demographic or clinical characteristics. Besides age, significant differences were found only for disease duration. There were also no statistically significant differences between EOAD and LOAD in psychiatric or AD-specific medication intake. In both groups, most patients were treated with psychiatric and/or AD-specific medications (77.1% and 71.4% for EOAD and 68.6% and 77.1% for LOAD). Antidepressants were the most common psychiatric medications in both groups (57.1% and 48.2%). Regarding AD-specific medications, higher frequencies were found for acetylcholinesterase inhibitors (48.6% for EOAD and 68.5% for LOAD).
Regarding the NPI informants' characteristics, there were no significant differences in relation to gender and habitation status (cohabitating or not) when comparing EOAD and LOAD. In both groups, most informants were the patients' spouses (60.0% in EOAD and 48.6% in LOAD).
The pattern of frequency and severity of NPS for each group is presented in Tables 2 and 3 . The total NPI score did not differ significantly between patients with EOAD and LOAD. There were also no significant group differences for NPI frequency total score, nor NPI severity total score. Even controlling for disease duration and psychiatric or AD-specific medication usage, we found no differences between groups in the total NPI score, nor in frequency or severity scores.
In both groups, the most common neuropsychiatric domain was irritability/lability, whereas hallucinations and euphoria were the least common symptoms. Patterns of symptom frequency are slightly different between early and late onset groups. As shown in Figure 1 , in patients with EOAD, the most common neuropsychiatric domains were irritability/lability (68.6%), followed by apathy/indifference (60.0%), anxiety (48.6%), and depression/dysphoria (40.0%). In this group, patients with moderate/severe forms of disease presented higher frequency of apathy/indifference (cf Figure 2; 45.7%).
In the early onset group, disease duration and severity, as assessed through the GDS score, were positively associated with the NPI total score (rs ¼ 0.34, P < .05 and T ¼ 0.28, P < .05) and with NPI frequency total score (rs ¼ 0.35, P < .05 and
The most commonly reported neuropsychiatric domains in patients with LOAD (cf Figure 1) were the same as in those with EOAD but in a different order: the most frequent symptom was irritability/lability (57.1%), followed by anxiety (54.3%), depression/dysphoria (51.4%), and then apathy/indifference (48.6%).
In this group (cf Figure 2) , patients with moderate/severe disease stages presented a higher frequency of anxiety (34.3%). In the late onset group, the disease severity was associated with frequency and severity of delusions ( T ¼ 0.38, P < .05 and T ¼ 0.37, P < .05) and with frequency and severity of hallucinations ( T ¼ 0.39, P < .05 and T ¼ 0.39, P < .05).
Discussion
Our study suggests that the neuropsychiatric profiles between patients with EOAD and LOAD are globally comparable in total frequency and severity of symptoms, although subtle qualitative differences between profiles appear to exist, generally in accordance with previous research and derived hypothesis.
Despite NPS being commonly observed over the course of AD as well as being a significant contributor to caregiver burden and the main cause of institutionalization, 20 there has been a reduced effort to examine the profiles of NPS in patients with EOAD and LOAD. There are also inconsistencies between previous studies that may be related to the heterogeneity in methodologies and sample clinical characteristics, 21 making direct comparison more difficult. Similar to our results, 1 study 22 found differences in the pattern of symptoms frequency when comparing EOAD and LOAD cases, finding no differences in the prevalence of depression and anxiety symptoms, but fewer and less severe delusions, hallucinations, agitation, disinhibition, aberrant motor behavior, and total problem behavior in EOAD than in LOAD. A 2-year longitudinal study 20 also compared the frequency of NPS using the NPI and reported that the incidence, prevalence, and persistence of NPS were generally lower in EOAD than in LOAD, specifically for delusions, agitation, depression, anxiety, apathy, irritability, and aberrant motor behavior. In contrast, other authors 23 have found a higher frequency of inappropriate behavior in EOAD compared to LOAD and that patients with EOAD had significantly more anxiety symptoms than patients with LOAD, which was associated with male gender, higher MMSE score, and being separated from caregivers. 5 In our sample, euphoria and hallucinations were the least common NPS, which is consistent with previous studies. 13 Many authors 24, 25 have reported that apathy, characterized by social withdrawal and loss of goal-oriented behavior, interest, and motivation, is the most common NPS associated with AD, based on NPI ratings. In our sample, nevertheless, irritability was the most common NPS, in both subgroups. Possible explanations for this finding are our clinical study setting, long disease duration, and higher patients'age 13 ; given that irritability can be associated early in the disease course, as a reaction to the cognitive decline and caregiver's attempt to help, 26 and increases significantly and consistently over the time, as suggested by a 3-year longitudinal study. 27 The higher frequency of irritability has implications in disease management, that is, due to increasing caregiver burden, our patients may be at risk of institutionalization. Comparability between studies may be hindered by several factors, which may include sociodemographic and cultural characteristics as well as access to health and diagnostic services, with repercussions in diagnosis time. In our sample, the low mean MMSE score is not only a reflection of cognitive impairment severity but also a low educational obtainment and premorbid characteristics, which are also known to be associated with NPS prevalence.
Regarding clinical implications, the lack of significant differences in terms of total frequency or severity of NPS, despite subtle differences in symptom pattern, implies that clinicians should give importance to specific symptoms considering the age of onset. Such findings have practical implications in clinical context, namely, at the level of differential diagnosis and increase diagnostic accuracy, particularly in younger patients. In these patients, approximately one-third present with an atypical nonmemory phenotype, 2 and NPS are frequently confounding factors, given that at younger ages there is a greater likelihood of a psychiatric than a neurodegenerative disorder diagnosis, which may translate into delayed diagnosis.
Additionally, in the EOAD group, a significant association was found between NPI total and disease severity and duration. In contrast, a previous study 28 reported that only particular domains, namely, the severity of apathy, agitation, disinhibition, irritability, and aberrant motor behavior were significantly worse with AD severity.
Given that patients with EOAD progress more rapidly in terms of cognition and brain atrophy, 29 we could assume the same pattern for NPS, which should be studied in future longitudinal investigations.
In patients with LOAD, we found a specific association between disease severity and duration and the presence of delusions and hallucinations. Based on previous studies, 13 the prevalence of psychotic symptoms (delusions and hallucinations) in AD ranged from 6% to 59%, and others have shown that cognitive impairment predicts an increased risk of psychosis onset, 21 particularly misidentification delusions, 30 and the presence of psychotic symptoms at onset is associated with worse prognosis. 31 Recently, 32,33 structural imaging correlates of psychosis have been suggested, particularly microstructural alterations within the left hemisphere associated with degeneration of major neurotransmitter pathways and reduced volume in the parahippocampal gyrus.
Other interesting finding of our study was that in both groups most patients were treated with psychiatric medications, particularly antidepressants. They do not appear to be a significant mediator, as we found no differences in frequency nor severity of NPI scores, even considering duration of disease and psychiatric medication. An explanation for the high percentage of psychiatric medication in our groups might be related to the specialized clinical context where the study was conducted, in which presumably health-care professionals are aware of AD-related NPS and their negative prognostic impact, which may differ in other clinical and research contexts.
This study has potential limitations. Firstly, considering the characteristics of patients with EOAD, with a mean age of 64.5 years, as well as a longer disease duration, one might consider these to be "older" EOAD patients who were further along in their natural disease course and therefore limit comparisons between older AD patients. In addition, in our sample it would have been relevant to evaluate and quantify the impact of vascular disease, as vascular factors may influence the presence of NPS in patients with AD. 34 Furthermore, there are methodological issues concerning the modest sample size, which may result in lack of statistical power, the retrospective nature of the study, and the restriction to a single center, which limit the generalization of results. Nonetheless, most studies analyzing NPS in early and late AD share small sample sizes, varying from 23 and 98 patients.
5,20,22,23 Also, our data being limited to cross-sectional observations, we can only infer the progression due to the influence of the nature of disease course through disease severity measures.
Other issues concerned the identification of NPS, which relied on caregiver report, and there was no information on caregiver distress or psychopathology. Although the literature 20, 35 has consistently reported a strong correlation between the frequency and severity of NPS and caregiver distress, the role of caregiver psychopathology has not yet been studied. We can speculate that this variable may mediate the reports of caregivers, insofar as probably caregivers' anxiety, depression, or sleep disturbances, overestimating the NPS reports. Moreover, our study supports the idea that the acknowledgment of any psychiatric symptom, even if subtle, can be a key to early diagnosis of AD, even in prodromal stages. 11 Further studies with larger samples and longitudinal data are needed to better understand whether the management of NPS based on the age of onset of disease might imply different clinical approaches.
